Trigonometric parallax measurements of nine water masers associated with the Local arm of the Milky Way were carried out as part of the BeSSeL Survey using the VLBA. When combined with 21 other parallax measurements from the literature, the data allow us to study the distribution and 3-dimensional motions of star forming regions in the spiral arm over the entire northern sky. Our results suggest that the Local arm does not have the large pitch angle characteristic of a short spur. Instead its active star formation, overall length (> 5 kpc), and shallow pitch angle (∼10
INTRODUCTION
Determining the spiral structure of our Milky Way has been a long-standing problem in astrophysics, since pioneering studies by Morgan et al. (1952 Morgan et al. ( , 1953 revealed three spiral arm segments in the solar neighborhood by spectroscopic parallax. However, progress has been hampered by the difficulty in identifying spectroscopic distances for distant sources, because of large and variable extinction from interstellar dust in the galactic plane. Although distances derived with other methods, such as kinematic distances, offer opportunities for progress, as demonstrated by Georgelin & Georgelin (1976) (GG76 hereafter) and Russeil et al. (2007) , typical uncertainties are comparable to the spacing between arms and preclude identification of spiral arms of the Milky Way with confidence. At present, there is no general agreement on the number of arms nor on their locations and orientations. Churchwell et al. (2009) favor two arms from their investigation of counts of older stars, while observations of gas and dust indicate four-or five-arm models (Russeil 2003; Hou et al. 2009 ). Many dozens of models have been proposed (see the review of Liszt (1985) ; Steiman-Cameron (2010) ), most of which are four-armed structures similar to that of GG76.
The major spiral arms within a few kpc of the Sun (Sagittarius and the Perseus arms) are well known, appearing as arcs in longitude-velocity plots of HI and CO emission (Oort et al. 1958; Bok 1959; Georgelin & Georgelin 1976; Dame et al. 2001) . Parallaxes for high-mass star-forming regions (HMSFRs) now clearly locate the Sagittarius and the Perseus arms in the Galaxy with 3-dimensional positions and velocities (Choi, in preparation; Wu, in preparation) . However, star-forming regions between these arms are known and collectively they have been called the "Orion spur", the "Orion arm", or the "Local arm" (Bok et al. 1970; Kerr 1970; Georgelin & Georgelin 1976; Avedisova 1985) . Generally the Local arm was thought to be a secondary spiral feature, because the density of star-forming regions was significantly less than that of other major arms.
As part of the Bar and Spiral Structure Legacy (BeSSeL) Survey, we have been measuring trigonometric parallaxes for large numbers of HMSFRs. Somewhat surprisingly, we are also finding many sources thought to be in the Perseus arm (from kinematic distances) are instead associated with the Local arm. For example, we found that the HMSFR G075.76+00.33, which has a kinematic distance of ≈ 5.7 kpc and would locate it in the Perseus arm, has a distance measured by trigonometric parallax of 3.5 ± 0.3 kpc, which places it in the Local arm (Section 3). Based on BeSSeL Survey, VLBI Exploration of Radio Astrometry (VERA), and European VLBI Network (EVN) parallaxes, we can now identify 30 sources that are associated with the Local arm. Using these accurate distances and proper motions, we can now study the geometry and kinematics of the Local arm with unprecidented detail.
OBSERVATIONS
Observations of 22-GHz H 2 O masers towards star-forming regions were carried out with the National Radio Astronomy Observatory (NRAO) 1 Very Long Baseline Array (VLBA), under programs BR145 and BM272. All sources were observed over 7-or 9-h tracks for projects BR145 or BM272, respectively. Table 1 lists details for the epochs observed. The observations consisted of three (BM272) or four (BR145) geodetic blocks, with phase-referenced observations inserted between these blocks. Details of the observational setup and calibration procedures can be found in Reid et al. (2009a) . All data were processed on the DiFX 2 correlator in Socorro, NM (Deller et al. 2007 ).
For each maser source, we used several different background sources, selected from the VCS2 and VCS3 catalogs (Fomalont et al. 2003; Petrov et al. 2005 ) and our VLBI calibrator surveys (Xu et al. 2006a; Immer et al. 2011) . H 2 O masers can be time-variable with lifetimes of months to years. By comparison background compact extragalactic radio sources are relatively stable, so we used them as phase references when they were strong enough to do so. After making maps of both maser and background sources for all epochs, we measured the source positions and brightnesses by fitting elliptical Gaussian brightness distributions. Table 2 presents position and intensity data for the masers used for parallax measurements and the corresponding background sources, as well as other observational parameters. Absolute maser positions are derived from the positions of the corresponding VCS or ICRF sources (Ma et al. 1998) , which are generally accurate within ≈ 1 mas. 
RESULTS
Here we focus on parallax and absolute proper motion measurements; images of maser spots, background extragalactic continuum sources and internal maser motions are presented in the Online Material. Parallax and proper motion were fitted simultaneously to the data. Because systematic errors (owing to small uncompensated atmospheric delays and, in some cases, varying maser and calibrator source structures) typically dominate over thermal noise when measuring relative source positions, we added "error floors" in quadrature to the formal position uncertainties. We used different error floors for the Right Ascension and Declination data and adjusted them to yield post-fit residuals with χ 2 per degree of freedom near unity for both coordinates.
Except for G090.21+02.32, we used extragalactic continuum sources as the phase reference for the H 2 O maser sources. For G090.21+02.32 the maser was used as the phase reference, because the relevant three extragalactic continuum sources were too faint to use as phase references. The quoted parallax uncertainty is the formal fitting uncertainty, multiplied by √ N (where N is the number of maser spots used in the parallax fit) to account for possible correlations among the position measurements for the maser spots. The fitting results are presented in Table 3 . Figures 1 -9 show positions for the maser spots (relative to the background sources) as a function of time and the parallax fits.
H 2 O masers can move fast (typically tens, but sometimes over 100 km s −1 ) and spots are not always distributed uniformly around the exciting star. This can limit the accuracy of the estimate of the proper motion of the central, exciting star, used to study 3-D motions about the Milky Way. For G076.38−00.61, which exhibits a distribution characteristic of a fast bipolar outflow, its motion was determined by averaging the values from the redshifted and blueshifted spots separately, and then averaging these two results. With an outflow speed near 60 km s −1 , modest asymmetries in the outflows could result in an uncertain average. So we assigned a proper motion uncertainty of 20 km s −1 , which at its measured distance corresponds to 3 mas yr −1 . For sources with few spots (G079.87+01.17, G090.21+02.32 and G105.41+09.87), the proper motion of reference spot was used. These sources have simple maser spectra which span ≈ 10 km s −1 or less, suggestive of modest outflow speeds, and we inflated the formal proper motion uncertainties to account for an unknown motion of a single maser spot relative to the central star of 10 km s −1 at the measured distance. For sources with a symmetric distribution of maser spots or more than three spots that have proper motions, the motion of the central star was determined by averaging the motion of all maser spots, such as for ON1, G074.03−01.71, G075.76+00.33, G075.78+00.34 and G092.67+03.07. Note. -φ is the angular separation between the maser and the calibrator. The absolute maser position, peak brightness, local standard of rest (LSR) velocity of the brightest spot, and a representative 2-dimensional size and position angle of the naturally weighted beam are listed for the first epochs for all sources except ON 1 (2009 May 7, the second epoch) and G105.41+09.87 (2011 October 30, the third epoch). Position angle is defined as east of north. (Kurtz et al. 2004 ). Yang et al. (2002) detected a high-velocity CO line wing, which was later confirmed as a bipolar outflow by both CO (Xu et al. 2006b ) and H 13 CO + lines (Kumar et al. 2004) , indicating an active star-forming region. This source has measured parallaxes by Nagayama et al. (2011) with the VERA 22-GHz using H 2 O masers and by Rygl et al. (2010) with the EVN using 6.7-GHz CH 3 OH masers. We present our results in Table 3 . Within the uncertainties all three measurements agree on the parallax, but there are slight differences among the proper motions. In order to calculate the peculiar motion of this source, we averaged the results of the three measurements (see Table 4 ).
G074
.03−01.71, associated with IRAS 20231+3440, is located within Lynds 870. H 2 O masers were first detected by Palla et al. (1993) . Mao et al. (2002) detected a bipolar outflow from CO lines, which is likely to be driven by a low-or intermediate-mass young stellar object (YSO). This is further confirmed by its low IRAS luminosity (500 L ⊙ at a distance of 1.6 kpc, see Table 3 ) and non-detection of both CH 3 OH and OH masers (van der Walt et al. 1996; Slysh et al. 1997) , although it satisfies the criteria that Wood & Churchwell (1989a) used to identify embedded massive stars and UC HII regions.
G075.76+00.33 & G075.78+00.34 (ON 2N) in ON 2 are separated by ≈80 ′′ and associated with two different UC HII regions in the complex star-forming region ON 2 (Wood & Churchwell 1989b; Garay et al. 1993) . H 2 O masers in G075.78+00.34 are located ∼2 ′′ south of the peak of 6 cm radio continuum emission (Wood & Churchwell 1989b) , which is spatially coincident with peaks of 7 mm continuum emission and NH 3 (3, 3) emission (Ando et al. 2011; Carral et al. 1997; Codella et al. 2010) . The masers in G075.76+00.33, which are associated with IRAS 20198+3716, have an offset of ≈ 25
′′ from the nearest detected UC HII region. The parallax and proper motion of G075.78+00.34 were also measured by Ando et al. (2011) with the VERA 22 GHz H 2 O masers. Both measurements are consistent within the uncertainties, so the peculiar motion estimates are estimated by combining both results (see Table 4 ).
G076
.38−00.61 is associated with IRAS 20255+3712 and Sharpless 106 (S 106) IR. This region has been widely studied at different wavelengths and angular resolutions (e.g., Kurtz et al. 1994; Smith et al. 2001; Schneider et al. 2002 Schneider et al. , 2007 . Kurtz et al. (1994) found that the UC H II region G76.383-0.621 coincides with IRAS 20255+3712, which is offset ≈ 15 ′′ from the H 2 O maser position. In the literature, the distance to G076.38−00.61 ranges from 0.5 to 5.7 kpc (Eiroa et al. 1979; Maucherat 1975) . Although a distance of < 1 kpc is commonly used (e.g., Smith et al. 2001; Schneider et al. 2002) , Schneider et al. (2007) suggested that S 106 is associated with the Cygnux X complex at about 1.7 kpc. This parallax distance of 1.30 +0.10 −0.08 kpc indicates that S 106 is close to the Cygnus X complex (parallax distance of 1.40 ± 0.08 kpc, Rygl et al. (2012) ).
G079.87+01
.17 is associated with IRAS 20286+4105 with an infrared luminosity of more than 5000 L ⊙ at a distance of 1.6 kpc (see Table 3 ). It satisfies the IR criteria of Wood & Churchwell (1989a) for UC HII regions, although no radio centimeter-continuum emission is detected with the VLA (Molinari et al. 1998 ).
G090.21+02.32, associated with IRAS 21007+4951, is in the dark cloud Lynds 998. Its IRAS luminosity is ∼30 L ⊙ at an assumed distance of 0.67 kpc (see Table 3 ), indicating a low-mass star-forming region, although it satisfies the criteria of Wood & Churchwell (1989a) for an UC HII region. This region has not been well studied to date. However, a CO bipolar outflow (Clark 1986 ) and SiO emission (Harju et al. 1998 ) indicate active star formation.
G092.67+03.07 is coincident with the submillimeter-continuum source JCMTSF J210921.7+522232 (Di et al. 2008) . SiO emission has also been detected in this region (Harju et al. 1998 ). There are two IRAS sources, IRAS 21078+5211 and IRAS 21078+5209, with separations of ≈ 74 ′′ and 60 ′′ , respectively. Both have infrared luminosity of ∼ 10 4 L ⊙ at our measured distance of 1.63 kpc (see Table 3 ), indicating a HMSFR. However, G092.67+03.07 is not likely to be directly associated with either IRAS source given the large separations.
G105.41+09.87 is a deeply embedded YSO (Weintraub et al. 1994 ) associated with the LkHα 234 region in the NGC 7129 molecular cloud (Trinidad et al. 2004 ). The maser position coincides with the centimeter-continuum source VLA 3B, which is interpreted in terms of shock-induced ionization in a thermal radio jet rather than as an UC HII region (Trinidad et al. 2004 ). The parallax distance of 0.89
−0.05 kpc is consistent with a photometric distance of ∼1 to 1.25 kpc (Racine 1968; Shevchenko & Yabukov 1989) .
LOCATION AND PITCH ANGLE OF THE LOCAL ARM
Initial results from the BeSSeL Survey provide more than 60 sources with measured parallaxes. Many of these trace the Sagittarius arm inward from the Sun (Wu, in preparation) and the Perseus arm outward from the Sun (Choi, in preparation) , clearly locating them in the Milky Way relative to the Sun. In addition, we find nine sources that are between Galactocentric distances of 7.8 and 8.7 kpc toward Galactic longitudes of ∼ 70
• or ∼ 105
• . This places them between the Sagittarius arm and the Perseus arm. There are another 21 sources (including some low-and intermediate-mass star-forming regions) in the literature that also lie between the Sagittarius and Perseus arms (see Fig. 10 ). In a pair of accompanying papers (Choi, in preparation; Wu, in preparation) we find that the Sagittarius and Perseus arms appear to be clear structures in longitude, velocity and distance. Here we define members of the Local arm as all sources that lie between these two structures, finding that they show a coherent pattern in space. Table 4 summarizes the parallax, proper motion, and v LSR of these 30 sources.
The 30 star-forming regions in the Local arm trace a narrow, slightly curved, "swath" starting at ≈ 3.6 kpc toward l ≈ 60
• and extending ≈ 1.9 kpc toward l ≈ 230
• (Since there currently are no parallax distances measured between l = 240
• and 270
• , it is not clear how far the Local arm extends in the 3 rd Galactic quadrant.) Visually, the width of the swath is less than about 1 kpc, while the separation between the Sagittarius and Perseus arms in this region of the Galaxy is about 3.5 kpc. The Sun is located close to the inner edge of the arm.
Comparing the locations of the Sagittarius and Perseus arms, based on parallaxes (Choi, in preparation; Wu, in preparation) , the distance between the centers of Local and Sagittarius arms of is ≈ 2 kpc and between the Local and Perseus arms is ≈ 1.5 kpc (both measured along a line from the Galactic center through the Sun). Thus, contrary to previous claims (GG76 , Vallée 2002) , the Local arm is nearer to the Perseus than to the Sagittarius arm.
It has been suggested that the Local arm is an interarm branch or spur (GG76). Spurs and branches are often observed in external galaxies (Elmegreen 1980; Scoville et al. 2001; La Vigne et al. 2006) and are thought to have lifetimes comparable to those of arms (Elmegreen 1980) . However, there are distinct differences between spurs and branches. It is generally thought that spurs extend outward from an arm into the interarm space at a large pitch angle (∼60
• , Elmegreen 1980), whereas branches have a smaller pitch angle (usually <20
• ) and are longer than spurs. A branch usually occurs as a bifurcation of a main spiral arm and gives rise to the main interarm features, as seen in Figures 9 and 12 of La Vigne et al. (2006) . Based on our observations, the Local arm is clearly not a spur and instead may be a branch.
We estimate the pitch angle of the Local arm by fitting a straight line to the logarithm of Galactocentric radius, R gc , versus Galactocentric azimuth, β (defined as 0 toward the Sun and increasing with Galactic longitude), as shown in Figure 11 . We do the fitting with a Bayesian Markov chain Monte Carlo (McMC) exploration of parameter space using the Metropolis-Hastings algorithm to accept or reject trials. Since parallax uncertainty maps into both ln R gc and β, we numerically evaluate uncertainties for these parameters and then minimize residuals divided by their uncertainties projected perpendicular to the fitted line. Since the slope of the fitted line is the tangent of the pitch angle, one of the two fitted parameters, we iterate the fitting procedure until convergence before performing the final McMC trials used to determine marginalized posteriori probability density functions for the two parameters. See Reid et al. (in preparation) for more details. We find the pitch angle of the Local arm to be 10.1
• ± 2.7
• . This value is shallower than the preliminary estimate in Reid et al. (2009b) based on only five parallaxes and heavily weighted by G059.78+0.06, which may be an outlier. Our estimated spiral arm pitch angle is similar to that of the Sagittarius and Perseus arms (Wu, in preparation; Choi, in preparation) and is characteristic of major arms in Sb-Sc type galaxies (Kennicutt 1981) .
Our findings suggest three possibilities for the nature of the Local arm in relation to the spiral structure of the Milky Way.
(1) It could be a branch of the Perseus arm, as suggested by many authors. Two facts support this theory. The Local arm is closer to the Perseus arm than to the Sagittarius arm, and branches often appear at the inner edge of an arm in external galaxies (Patsis et al. 1997; La Vigne et al. 2006) . Extrapolating from the most distant measured star-forming region in Figure 12 (left panel) suggests that a bifurcation point could be at a distance of ≈ 6 kpc at l ≈ 55
• . This location is close to that suggested by Urasin (1987) for such a branching, based on photometric distances of open star clusters.
(2) The Local arm could be part of a major arm, as suggested by Bok and Kerr (Bok 1959; Bok et al. 1970; Kerr 1970; Kerr & Kerr 1970 ). In their model, the Local arm runs through the Sun and connects with the Carina arm, although most authors following the GG76 model believe that the Carina arm connects to the Sagittarius arm. At present, however, the lack of parallax data for l > 230
• precludes critically testing this theory. Figure 12 (right panel) shows the positions of optical H II regions with stellar distances in the 3rd Galactic quadrant from Russeil (2003) . It is possible the Local arm connects to the Carina arm at l ≈ 282
• , near its tangent point (Bronfman et al. 2000) . This could be a bifurcation point where the Carina arm splits into the Local branch and the Sagittarius branch. However, since optical distances generally have large uncertainties, as shown by Russeil et al. (2007) , more VLBI parallax results from the Southern Hemisphere are required before a definite conclusion can be reached.
(3) The Local arm is an independent spiral arm segment, which consists of numerous major star-forming regions, such as Cygnus X region (Rygl et al. 2012) , with similar Galactocentric distances and space velocities (see Section 5). From the model of Cordes & Lazio (2002) , the interarm spacing between two major arms of the Milky Way is usually more than 2 kpc, even more than 3 kpc in some places. If the Local arm is a major arm, the spacing between it and nearby arms would be only 1 -2 kpc. However, such a small spacing is not expected from the theory of spiral density waves (Yuan 1969) .
SPACE MOTION OF SOURCES IN THE LOCAL ARM
Combining the distances, LSR velocities and proper motions of the masers in star forming regions yields their locations in the Galaxy and their full space motions. The proper motion uncertainties for most sources listed in Table 4 are based on measurement accuracy alone. There is additional uncertainty when referring these motions to that of the central star (or stars) that excite the masers. Basically, they are 3 to 5 km s −1 for CH 3 OH, SiO masers and continuum emission, and 5 to 20 km s −1 for H 2 O masers (depending on the width/complexity of the spectrum). The v LSR values are based on weighted average velocity of maser and the larger molecular cloud material (usually from CO or other thermally emitting molecule lines) of which the maser is a part. For water masers, we weighted the thermal line velocity more than water masers, while for CH 3 OH and SiO masers a greater weight is given to masers, as they are much more closely tied to the central star. The uncertainties for v LSR include a term that comes from the difference between a maser and its associated thermal line velocity. For continuum sources, the v LSR values are based on the velocity of thermal lines and we assign uncertainties of ±5 km s −1 .
Given a model for the scale and rotation of the Milky Way, we can subtract the effects of Galactic rotation and estimate peculiar (i.e. non-circular) motions. Peculiar motions are given in a Galactocentric reference frame, where U s , V s and W s are the velocity components toward the Galactic center, in the direction of Galactic rotation, and toward the North Galactic Pole, respectively, at the location of a given source in the Galaxy. Details of these calculations are given in the Appendix of Reid et al. (2009b) . Here we adopt recent estimates of R 0 = 8.3 kpc and Θ 0 = 239 km s −1 , and the latest Solar motion values U ⊙ = 11.10 km s −1 , V ⊙ = 12.24 km s −1 and W ⊙ = 7.25 km s −1 (Schönrich et al. 2010 ).
The peculiar motions of the 30 Local arm sources are shown in the Figure 13 and range from −16 to 10 km s −1 towards the Galactic center and from −19 to 2 km s −1 in the direction of Galactic rotation (Table 5) Motion would yield (U s , V s , W s ) ≈ (2, −8, −3) km s −1 . Thus, the Local arm peculiar motions, on average, are consistent with those of HMSFRs in other spiral arms, further supporting our theory that the Local arm is a major structure in the Milky Way.
CONCLUSIONS
We have studied the nature of the Local arm by measuring parallax distances and proper motions of nine 22-GHz H 2 O masers associated with star-forming regions. We include previously published parallaxes and proper motions for 21 other star forming regions (from either H 2 O, CH 3 OH, SiO masers or YSO continuum emission). These 30 sources clearly lie between the Sagittarius and Perseus spiral arms and belong to the Local arm. This arm is at least ∼5 kpc in length and ∼1 kpc in width; it is not a spur and may be a branch of the Perseus arm, a bifurcation of the Carina arm, or an independent arm segment. The average peculiar motions of the sources in the Local arm are similar to those of HMSFRs in other major spiral arms of the Milky Way.
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Parallax and Proper Motion Fitting Details
Parallax fits are based on features persisting over 4 or more epochs. Internal maser motions are measured for features persisting over at least 3 epochs. Table 6 presents the results. The uncertainties of parallaxes and proper motions given in this table are the formal fitting uncertainties.
G074.03−01.71: We detected 13 features persisting over at least 3 epochs, only 3 of which lasted 6 epochs. These features mainly consist of three small groups located at (0,0), (0.
′′ 1,-0. ′′ 05) and (0. ′′ 05,0. ′′ 3), as shown in Fig. 23 . The three features persisting over 6 epochs, used for the parallax fit, are located in the group at (0,0). We average the absolute proper motions of three groups as the source's proper motion.
G075.76+00.33: There are 10 features persisting over at least 3 epochs, 6 of which lasted 6 epochs. All features are distributed in a ring and expand symmetrically relative the geometric center of the six persistent features (see Fig. 24 ). We average all the measured absolute proper motions as the source's proper motion.
G075.78+00.34: We detect 20 features persisting over at least 3 epochs, 5 of which lasted 4 epochs. Fig 25 shows the proper motion relative to the center of the maser spots. We average all the measured absolute proper motions as the source's proper motion.
G076.38−00.61: We detect three features persisting at least 3 epochs, belonging to two groups separated by about 80 mas in the NE-SW direction. A single feature lasted for 4 epochs and it is used for the parallax fit. The LSR velocities of the NE group are red shifted with respect to the SW group. The blue-shifted features to the SW expand with a very high velocity (∼143 km s −1 ) relative to the redshifted features, as shown in Fig. 26 . We average the absolute proper motions of both groups as the source's proper motion.
G079.87+01.17: We detected only 3 features persisting over at least 3 epochs, 1 of which lasted 6 epochs and it was used for the parallax fit. The amplitude of the internal proper motion is ∼10 km s −1 (see Fig. 27 ). The absolute proper motion of the feature employed for the parallax fit is taken to be the source's proper motion. G090.21+02.32: We detected only 2 features persisting over at least 3 epochs, 1 of which lasted 6 epochs and it is used for the parallax fit. The other feature shows low relative velocity (∼10 km s −1 ), as shown in Fig. 28 . The absolute proper motion of the feature employed for the parallax fit is taken to be the source's proper motion.
G092.67+03.07: Although 27 features persisting over at least 3 epochs were detected, only 2 of them persisted for 6 epochs and could be used for the parallax fit. The internal motions of these features are very complex (Fig. 29) . We average all the measured absolute proper motions as the source's proper motion.
G105.41+09.87: We detected only two features persisting for at least 3 epochs, one of which lasted for 5 epochs and was used for the parallax fit. The other feature had low relative velocity (∼13 km s −1 ), as shown in Fig. 30 . We only used the feature employed for the parallax fit to derived the source's proper motion. (the spot at V LSR = 10.6 km s −1 was not detected at the first epoch). The channel velocities and restoring beams are given in the upper right and lower left corner of each panel. Contour levels are integer multiples of 10% of the peak brightness of 34.1, 5.9 and 3.6 Jy beam −1 for ON 1 (from left to right) and 0.1 Jy beam −1 for J2003+3034. The two spots at V LSR = 10.6 km s −1 have a separation of ∼35 mas. They appear to be compact and excellent astrometric targets. 
